increasing popularity of eDNA, several questions regarding its limitations remain to be 23 addressed. We investigated the effect of sampling medium and time, and preservation methods, 24 on fish detection performance based on eDNA metabarcoding of neotropical freshwater 25 samples. Water and sediment samples were collected from 11 sites along the Jequitinhonha 26 River, Southeastern Brazil; sediment samples were stored in ethanol, while the same amounts 27 of water per sample (3L) were stored in a cool box with ice, as well as by adding the cationic adding cationic surfactants as sample preservatives. Furthermore, by comparing two sets of 35 samples collected from the same locations at a three-week interval, we highlight the importance 36 of conducting multiple sampling events when attempting to recover a realistic picture of fish 37 assemblages in lotic systems. 38
INTRODUCTION 42
Environmental DNA metabarcoding has been hailed as a promising tool for biodiversity 43 assessment and monitoring worldwide, in both marine and freshwater ecosystems ( Despite the increased number of publications in the past decade, the application of 51 eDNA techniques is still not considered straightforward (Taberlet, Bonin, Zinger, & Coissac, 52 2018). Molecular and bioinformatics protocols continue to be revised and optimized, while 53 uncertainties remain as to how to streamline and rationalize sampling and sample preservation 54 (Dickie et al., 2018) . The usefulness of eDNA approaches depend on their ability to provide 55 effective and accurate detection of species, thus requiring a better understanding of the factors 56 influencing detection rates (Lodge, 2012) . Detectability of eDNA in environmental samples is 57 limited mainly by three processes: i) eDNA production (i.e. rate of DNA shedding), ii) 58 degradation, iii) removal and transport (Barnes and Turner, 2016; Strickler, Fremier & 59 Different approaches have been tested to preserve water samples before the filtering 89 process, showing distinct benefits and drawbacks. Storing the samples at low temperatures, 90 including freezing the samples or cooling using a cool box, are widely employed; however, 91 these approaches entail equipment requirement increase; whereas the efficiency of cooling the 92 samples has also been questioned (Eichmiller, The application of eDNA as a biodiversity assessment tool requires the development, 105 field validation and optimization of protocols in order to minimize bias and tailor procedures 106 to the variety of environments and habitats investigated . Furthermore, 107 the occurrence of a time lag between species presence and sampling event can contribute to 108 DNA degradation leading to an erroneous inference of species absence (i.e. short time frame 109 detection due to high degradation rates may hamper the eDNA efficiency in detecting species 110
where they are present). Sediment samples have shown to contribute to tackling this issue once 111 DNA attached to sediments can be detected longer than in the water column. In addition, 112 sediment samples can provide a higher concentration and longer persistence of genetic material 113
for studying past and current species presence, also contributing to understand issues associated 114 with eDNA transport and removal (Turner, Uy, & Everhart, 2015) . 115
Neotropical freshwaters harbor high, and often understudied (Sales, Mariani, Salvador, 116 Pessali, & Carvalho, 2018), biodiversity and eDNA could assist biodiversity assessment and 117 monitoring programs, with the ultimate aim to contribute to conservation and management 118 strategies. Higher temperatures and solar radiation associated with increased turbidity in 119 tropical waters might contribute to make rivers in the tropics a challenge for eDNA studies due 120 to possibly higher degradation rates (Barnes et 
Statistical analyses 223
Samples were grouped according to the treatments analyzed (Table 1) and afterwards  224 all statistical analyses were performed in R v3.5.1 (https://www.R-project.org/). Due to 225 differences in the sequencing depth for each sample, relative read abundances were used for all 226 statistical analyses (i.e. for each sample the MOTU counts were divided by the total amount of 227 reads). The vegan package was used to perform the nonparametric method Permutational 228 multivariate analysis of variance (PERMANOVA) (Anderson, 2017) Table 2 ). 253
254

Taxonomic assignment 255
All MOTUs from the sediment samples could be taxonomically assigned at order level 256 (see Appendix S1, Supporting information) whereas at family level the assignment rate was 257 96.4% (SED1) and 95.68% (SED2). Regarding the water samples, at order and family levels 258 the assignment rates were, respectively, 98.97% and 95.88% for BAC1, 97.47% and 93.68% 259 for BAC2, 100% and 96.83% for ICE1, and 98.72% and 94.17% for ICE2. 260
261
Influence of preservation method, sampling medium, and sampling time 262
All results of the PERMANOVA analyses (Bray-Curtis, p<0.005), including effect size 263 (R 2 ) and significance (p-value) are summarized in Table S2 , Supporting information. A 264 significant difference (p<0.05) in MOTU composition among all the treatments was found and 265 to verify the influence of preservation methods, sampling medium, and sampling time we 266 performed pairwise comparisons for all combinations of treatments. 267
The influence of preservation method on MOTU diversity recovery was small (around 268 2% variance explained) but significant between samples collected during the first sampling 269 event (BAC1 vs ICE1, p=0.016). However, no significant effect was detected for the 270 preservation methods in the second sampling event (BAC2 vs ICE2, p=0.06) (Table S2) . 271
Overall and also in all pairwise comparisons, a significant difference between sediment 272 and water samples was detected. Non-metric multidimensional scaling (nMDS) (Figure 3 ) 273 showed a much greater variability among the water samples when compared to the sediment 274 ones, and a greater separation of samples was apparent for the first sampling event ( Figure 3A) . 275
During the second sampling, a higher similarity between sediment and water samples preserved 276 cooled was found ( Figure 3B ), and the highest effect size (R 2 =0.08) was found between SED2 277 and BAC2 (sediment and water samples preserved in BAC, collected during the second 278 sampling event). 279
When testing for the effect of sampling event, the community composition differed from 280 the two events for all treatments analyzed, showing a highest effect size for the sediment 281 samples (R 2 =0.07) and a lower effect size for the water samples preserved in BAC (R 2 =0.04). 282 A smaller effect was found for preservation method than sampling medium and time. Despite 283 showing significant differences, overall, the R 2 effect sizes never accounted for any more than 284 8% of the variance, with a mean around 6%. 285
The Venn diagram overlaps showed a high similarity between the treatments in the first 286 sampling event with 56.78% of the MOTUs detected in all of them (Figure 4) . However, for 287 the second sampling event a higher dissimilarity was detected when comparing the methods 288 applied with only 27.55% of the MOTUs recovered being detected in all three methods 289 (sediment, BAC, ICE). 290
291
Community composition across treatments 292
In total, we detected 7 orders (Characiformes, Cichliformes, Clupeiformes, Cypriniformes, 293
Cyprinodontiformes, Gymnotiformes, and Siluriformes) and 20 families. Order and family 294 richness obtained were compared using ggplot charts ( Figure 5 ) and showed a slight difference 295 across all treatments. As for preservation methods, the relative read abundance (%) was similar 296 between water samples preserved in BAC and ICE for the first sampling, however, eDNA from 297 two families of Siluriformes (Callichthyidae and Auchenipteridae) was not recovered from 298 samples preserved using the cationic surfactant. 299
During the second sampling, the relative read abundance slightly differed between these 300 two methods with a highest amount of reads from Trichomycteridae (Order Siluriformes) and 301 also absence of reads from Pimelodidae (Order Siluriformes) in samples with added BAC. Overall, comparisons between preservation methods showed a smaller effect on eDNA 333 recovery than sampling medium and time (Table S2) It should also be noted that some of the discrepancies between ICE and BAC detections may 362 simply be due to the reduction of stochasticity afforded by the additional PCRs conducted on 363 the each water sample (six in total) (Leray & Knowlton, 2017) . 364
Thus, despite increasing the equipment need, cooling may be considered as the first 365 option to decrease DNA degradation in water samples during field collection. Unless no other 366 option is available, cationic surfactant solutions might not be worthwhile for field sampling in 367 remote areas due to the difficulties in accessing these specific laboratory reagents and the 368 significant safety hazard posed by these chemicals (Ladell et al., 2018) . However, if neither 369 filtering nor cooling is feasible for a few hours after sampling, the use of some form of 370 preserving buffer should remain a requirement. 371
Community composition is expected to differ between sampling media, as previous 372 eDNA studies have found sediment to show a higher DNA concentration and a longer 373 detectability than surface water (Turner et al., 2015) . Since DNA can persist longer when 374 incorporated into the sediment, temporal inference may be challenging (Turner et al., 2015) ; on 375 the other hand, a higher degradation rate and lower detection lag time in aqueous eDNA samples 376 provide a contemporary snapshot of the biodiversity being assessed (Hansen et al., 2018) . Here, 377
we have found a significant difference (p<0.05) and a higher size effect (R 2 =0.06-0.08) on 378 MOTU recovery between sediment and water samples (Table 3) 
